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Germany and Denmark although the zone of impact was about
half that of the previous year. Samples from western Poland
became available in 1987 and needies from 1985 showed even
higher levels there (8-10 times the ‘background’) than elsewhere
that year. By 1986, concentrations in nearly all regions were at
the background level but samples from western Poland were
still 6-8 times this level. These results are illustrated in a bar
graph (Fig. 2).

We did not find the expected cumulative increased in tDDT
residues in needle wax from 1986 to 1984. This could have been
the result of photodegradation of the pesticide (to a substance
other than DDE)'*!* in the needle wax, to translocation into
the interior of the needle or the rest of the tree'’, to re-volatiliz-
ation, or to lack of sorption at times other than during needle
growth. Degradation seems not to be indicated because the
percentage of DDT was constant (mean 68%, r.s.d. 13%)
throughout the study area and period and such a high
DDT/DDE ratio is indicative of freshly applied DDT. Re-
volatilization of the study compounds is not indicated'® either.

In the case of the PCP results, the Swedish samples were
found to contain at least twice the levels found elsewhere in
Europe. This observation includes a site in the far north of
Sweden where we expected levels of pollution to be lower. This
overall observation for PCP is surprising because the compound
has been totally banned in Sweden since 1978 (partially since
1972) although it is still in use in much of the rest of Europe
including Finland. Use in the latter country could potentially
contribute to the Swedish burden but the prevailing winds do
not favour this. As there are no apparent changes in concentra-
tion levels over the years, we conclude that the source is still
present.

The PCBs are well known pollutants in the atmosphere and
elsewhere and were found in all the samples at roughly the same
concentration levels (mean 6.2ngg™', r.s.d. 26%). There were
no apparent geographic or temporal trends. The HCH isomers
are also well-known ubiquitous atmospheric pollutants and, as
in the case of PCBs, we observe no patterns in their needle-wax
concentrations. Examination of the proportion of the y-HCH
isomer (the pesticide lindane) shows that it is present in larger
amounts in the French samples (mean 62%, r.s.d. 14%, 11
points) during 1985 and 1986 than elsewhere (mean 29%, r.s.d.
11%, 34 points), indicating a near-by source. As observed with
tDDT residues, the ratio becomes ‘normal’ with increased dis-
tance and time from the apparent source.

It seems that the pine needle can provide a suitable sampling
matrix for evaluating atmospheric contaminants. This seems
particularly true when determining regional exposures from a
single-year class and may also have relevance for trend analysis
between years. The widespread distribution of the pine suggests
that it may provide trend data for much of the Northern Hemi-
sphere. In Eurasia, Pinus sylvestris (Scots pine), is found in most
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FIG. 2 Distribution of DDT and DDE in pine needles (fresh weight) (see Fig.
1 for area designations; samples were not available for areas Hand | in 1984).
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areas north of the Mediterranean and south of the Arctic circle!”.
In North America, the Scots pine is an imported species but is
sufficiently common that it may have utility there as an environ-
mental biomonitor. The species P. banksiana (Jack pine) and
P. contorta (Lodgepole pine), however, may be more useful for
evaluating ambient conditions east and west of the Rocky Moun-
tains, respectively. The long life of the pine, compared with
other biomonitors, potentially permits sampling from the same
individual over periods as long as one hundred years. O
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IT is commonly thought that the climate conditions that supported
lakes over a period of years in the Mojave Desert in southern
California, only existed before 8,000 yr BP and that the environ-
ment has been arid since’”. Here we look at a drill core in the
Silver Lake playa at the terminus of the Mojave River and find
Holocene lake deposits which indicate that shallow lakes existed
for at least a few decades. These deposits were radiocarbon dated
at 3620170 and 390+ 90 yr BP, corresponding to the early Neo-
glacial and the “little ice age’ respectively’. To identify the condi-
tions necessary to produce these Holocene lake events we have
examined the modern climate and hydrological patterns that pro-
duce ephemeral lakes in this usually arid watershed. Available
data indicate that there is a link between anomalous winter atmos-
pheric conditions over the North Pacific and Mojave River floods
that produced ephemeral lakes in the Silver Lake playa and that
the Mojave River filters out small to medium floods and allows
only the extreme floods to reach the terminal playa and leave a
record of the anomalous conditions. We suggest that the late
Holocene lakes may have resulted from persistent similar atmos-
pheric circulation patterns and winter floods.

The Silver Lake playa is the remnant of the late Pleistocene
Lake Mojave®™® and the present terminal basin of the closed
arid watershed of the Mojave River. At 9,500 km? (Fig. 1) this
watershed is the largest hydrological system in the Mojave
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Desert. Present climate within the Mojave River watershed varies
spatially. Its headwaters at 1,200-2,700 m in the eastern slopes
of the San Bernardino Mountains (Fig. 1), are characterized by
Mediterranean semi-arid to humid conditions (mean annual
precipitation 500-1,250 mm), with most of the precipitation
occurring between November and March. Most of the Mojave
River watershed and the terminal playa region where the lakes
form is hyperarid, with <100 mm year ' precipitation, summer
temperature often >40 °C and consequently >2000 mm year™"
potential evaporation”*.

The Mojave River flow is a result of intensive winter storms
at the high elevations of the San Bernardino Mountains®”’.
Annual discharge records (Fig. 2)!° along the Mojave River
demonstrate that significant flow reaches the Afton gauging
station only during those years with large discharge at The Forks
in the Mojave River headwaters (Fig. 1). This is due to discharge
loss to a shallow aquifer between Victorville and Afton. Hydro-
graphs of the 1969 and 1978 winters events (Fig. 2) are charac-
teristic of an extreme winter flood which, in turn, is related to
the annual peak discharge (Y.E., Thesis in preparation). During
such winter events lakes formed in Cronese Lake and the Silver
Lake playas. It seems that only flood events with high peak
discharge are able to exceed the loss by infiltration into the
alluvial bed between Victorville and Afton (Figs 1, 2). This
relation and the annual peak-discharge data'® indicate that
discharge losses along the Mojave River allow only the larger
floods to reach Afton. During this century a peak discharge
>300m’s™" at the Fork has been required for flows to reach
Afton and ~500 m®s™! to reach the Silver Lake playa (Fig. 1).

We suggest that similar filtering of smaller loods occurred in
the past, at least in the late Holocene. The modern conditions
suggest that increased frequency of flows exceeding this natural
threshold are needed and may have led to a net accumulation
of water in the playas during the late Holocene.

Since 1894, eight ephemeral lakes have been documented in
the terminal basins of the Mojave River (Y.E., unpublished
data). Each ephemeral lake is the result of heavy precipitation
during a winter storm and flooding in the Mojave River head-
waters. Rainfall in several of these storms exceeded the average
monthly precipitation by two standard deviations'!. Extreme
rainfall intensity of over 25mmh™', and as much as 250-
400 mm day ™', has been observed'? in the Mojave River head-

waters at elevations >1750m. These high precipitation
intensities were probably enhanced by the orographic effects of
strong southerly to southwesterly winds forcing a moist Pacific
air mass to cross the north-west to south-east oriented San
Bernardino Mountains’®.

The eight lake stands that were produced from these storms
occupied the normally dry playa for 2-18 months (Y.E., thesis
in preparation). In some of these events antecedent conditions
of soil moisture in the headwaters and a wet channel along the
Mojave River may have played a role as relatively large floods
in the headwaters predated some of the lake-building flood
events®,

To overcome the filtering mechanism of the river and to form
a lake in its watershed requires a vigorous storm, unusual for
southern California. We constructed the mean meteorological
pattern associated with these storms and lakes. Composite
monthly sea-level pressure (SLP) values (which we use because
of their availability over a Northern Hemisphere grid since
1899'*) and the SLP anomalies over the North Pacific and
western North America were calculated for the months that
included the eight cases of lake events (Fig. 3). The SLP values
for each month in which a lake event occurred were subtracted
from the long-term mean SLP (1947-1972)!% of the specific
month to determine the monthly SLP anomaly. Although the
actual flooding occurred on specific days with more intense SLP
features than the monthly mean, several of the flooding events
were associated with a persistent succession of storms that
conformed to a particular pattern. The monthly SLP patterns
provide an overall indication of the large-scale pattern that
produced the particular storm or storm sequence.

During months in which lakes formed, the sub-tropical high
in the eastern North Pacific weakened, giving way to an
anomalously low-pressure system along the west coast of the
United States. The anomalous low represents an eastward shift
of the central North Pacific winter low, with vigorous storms
penetrating the west coast of the United States much further
south than normal. These storms produced the heavy precipita-
tion in the San Bernardino Mountains.

The composite SLP pattern (Fig. 3) shows a tendency for a
‘split’ Aleutian low with higher than normal SLP in the Aleutians
and an anomalously low SLP over Kamchatka. The blocking
high pressure in the eastern Aleutian region during this type of
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FIG. 1 & The Mojave River drainage basin, the focation of gauging stations
and of core SIL-M. b, Composite lithology of core SIL-M. The date of 9330+ 95
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FIG. 2 a Annual discharge in down-
stream direction (from top to bottom)
for: 1) The Forks (1905-1985)—the
combined discharge of Deep Creek and
West Fork, which are the two tributaries
that form the Mojave River, 2) Lower 200
Narrows near Victorville (1903-1904
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FIG. 3 a Composite North Pacific sea-level pressure for the eight months
with lake-building flood events. Triangle indicates location of the San Bernar-
dino Mountains. b, Composite SLP anomaly for the same eight months. The
arrow shows the anomalous component to the mean wind direction that
results from the anomalous SLP. The enhanced southwesterly wind advects
moist warm Pacific air over the San Bernardino Mountains and the negative
pressure anomalies indicate the necessary vorticity for extreme precipitation
events.

event is also borne out by inspection of daily maps. This synoptic
pattern has been diagnosed as a potent flood-producing condi-
tion in California'’. The Mojave River fiood and lake events
are symptoms of this pattern.

The strong negative anomaly of —6 mbar at 40° N, 130°W
(Fig. 3) represents 1.5-3.0 standard deviations from the long-
term monthly mean (depending on the specific winter month in
which the flood occurred). Other studies of winter and monthly
average precipitation and stream flow have shown this condition
to favour heavy precipitation and stream flow in California'®'®,

Individual 500-mbar and 700-mbar height maps, satellite
images, and previous studies'”' for the winter and the months
of the floods in 1969, 1978, 1980 and 1983 floods, reveal two
recurrent synoptic patterns. The most frequent pattern featured
an unusually deep trough or cut-off low pressure offshore from
California and a blocking high pressure in the Gulf of Alaska
with a southerly displaced storm track entering California. In
some of these cases, such as the 1969 storm®°, moisture and
strong winds of these storms were assisted by the activity of the
sub-tropical jet stream. A second pattern that emerged, was a
sequence of storms embedded in strong southerly-displaced
westerlies that spanned the entire eastern North Pacific. This
pattern occurred during the 1980 and 1983 events.

There is evidence®' that ocean surface boundary conditions
may have played a role in the development of these storms.
Highly persistent patterns of sea-surface-temperature (SST)
anomalies were found in the North Pacific during the winters
of 1969, 1978 and 1980, in which lakes were formed. Although
probably not a necessary condition, such winter-SST-anomaly
patterns may increase the frequency of extreme storm episodes.

Water-budget calculations suggest that an order of magnitude
increase in the modern average annual discharge at Afton
Canyon (from 9.4 x 10° m? to 90 x 10° m?) is required to maintain
a lake in the terminal playas. Water volumes similar to the latter
discharge have been measured during the short-term extreme
historical floods. Decreasing evaporation alone will not maintain
a lake without the large runoff increase®. Because the extreme
floods are relatively rare (recurrence intervals of 34 years in
Afton), the modern average annual river discharge is not rep-
resentative of the actual volumes that can reach the playas during
the large floods. If the volumes of the modern extreme floods
are used as the total annual input over a series of years in the
lake’s hydrological budget calculations, a lake can be established
in Silver Lake’. An increase in the frequency of flood events
with magnitudes similar to the modern largest floods would
therefore result in a perennial lake in the Silver Lake playa.
This may have caused the formation of the late Holocene lakes.

Analyses of tree-ring data from southern and central Califor-

nia”*? indicate that more-frequent wet conditions occurred in
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the late 1500s and early 1600s at the same time that the ‘little
ice age’ lake was maintained in Silver Lake basin®*. The high-
frequency, high-magnitude annual precipitation and stream
flows that have been inferred for that period in southern Califor-
nia’*? support our suggestion of increased frequency of the
high-magnitude precipitation and runoff events during the ‘little
ice age’ lake stand. As the lake-building storms of the past
century were all vigorous eastern North Pacific cyclones that
occurred during the winter, we postulate that similar North
Pacific disturbances were more frequent during the late 1500s
and early 1600s. Reconstructions of North Pacific SLP from
tree-ring chronologies* showed that the early 1600s to have had
a high frequency of the pattern of North Pacific SLPs similar
to the SLP pattern of the wet lake-forming winter of 1978.
LaMarche®® suggested that persistent ‘little ice age’ and earlier
climate anomalies can be explained by changes in the frequency
of anomalous circulation types. One of these types was charac-
terized by upper-level trough centred over the Pacific Coast of
North America.

We suggest that extreme modern hydrological events in the
Mojave River watershed serve as an indicator of particular
atmospheric forcing patterns over the North Pacific and thus
can be used as analogues for conditions during the Holocene
when lakes formed in the watershed. An increased frequency
of these extreme events can explain the observed lake deposits
in the Silver Lake playa. (]
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SUBMARINE landslides move large amounts of sediment and are
often hazardous to offshore installations. Marine surveying tech-
niques effectively define landslide locations and geometries (for
example, refs 1-4) in various underwater geological settings,
including deltas, fjords and earthquake-prone areas'~>. Movement
rates and mechanics are generally inferred from indirect evidence,
such as cable breaks and damage to sea-fioor structures (for
example, refs 6-8) but actual measurements of landslide behaviour
are sparse. Using bottom-deployed pressure sensors, tiltmeters and
accelerometers, we have collected data on sea-floor landslide
reactivation involving sediment collapse and remoulding on the
submarine slopes of the Huanghe delta, China. The sensors
were emplaced into sea-floor clayey silts on 4 October 1987
and recovered on 16 October after the passage of three severe
storms.

The Huanghe delta provides an ideal natural laboratory for
the measurement of depositional and post-depositional defor-
mations®® of the sea floor. The delta has very high deposition
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rate'® and the delta front is subjected to storm waves. Further,
the shallow water facilitates the deployment of instruments.
Post-depositional slope failure creates collapse depressions
and silt flows on the underwater Huanghe delta in water depths
of 4-15m and over gradients of 0.3-0.4° (Figs 2, 3). Roughly
circular collapse depressions (0.5-1.0 m depth) occur mainly on

GULF OF BOHAI

37°040°
119020°

FiG. 1 Location of in situ measurement on the north-east flank of the
Huanghe delta. Shoreline position is the 1987 position; former (1978)
shoreline is outlined.
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